A contaminação aquática provinda de indústrias de processamento de caulim e de esgotos municipais tratados e não tratados, foi avaliada nos ribeirões Ubá e Vermelho, respectivamente, em Ubá e Vermelho Novo, em Minas Gerais. Com esta finalidade, amostras de água, material em suspensão e vegetais foram coletadas e analisadas. As análises envolveram a determinação da concentração de metais, nitrito, nitrato, cloreto, fosfato, demanda química de oxigênio e demanda bioquímica de oxigênio. O material em suspensão apresentou altas concentrações (em mg kg -1 ) de Zn (2.400) e Fe (14.900), enquanto que a vegetação coletada nas proximidades dos ribeirões mostrouse contaminada com Al (7.120). As concentrações de nitrito, nitrato e cloreto nas águas dos ribeirões apresentaram-se abaixo dos valores máximos estabelecidos pela Legislação Brasileira. Os valores de fosfato e demanda bioquímica de oxigênio excederam em 7 e 3 vezes, respectivamente, as concentrações máximas para águas superficiais de qualidade satisfatória.
Introduction
The wastewater generated by kaolin processing industries, as well as by domestic activities, is generally released into streams at Ubá and Vermelho Novo at the Minas Gerais State, Brazil. The discarded materials contain potential toxic constituents, but no efforts to purify water have been conducted in the region. Efficient waste management practices that include potential hazard minimisation, recovery operations and treatment prior to stream emissions should be implemented. Particularly, heavy metals and organic compounds need to be controlled at the source to enable use of sewage, for instance, in irrigation or groundwater recharge. The lack of suitable waste treatment results in discharges of untreated or inadequately treated municipal and industrial sewage into aquatic environments, leading to deleterious health effects. 1 The introduction of biodegradable organic matter in water systems decreases the level of dissolved oxygen. 2 Excessive growth of algae in lakes and reservoirs has been attributed to water contamination with nutrients, such as nitrogen or phosphorous. 3 The presence of nitrite and nitrate at high concentrations in drinking water can cause methemoglobinemia disease. This disease is more common in children and causes, among other symptoms, a cyanotic colour (bluish) in the skin due to blood alterations. 4 Watercourses that receive sewage also become sinks for anions such as chloride. The presence of heavy metals in stream water may also be harmful to human population through chronic poisoning. 1 So far, no controls on emissions of pollutants to the environment have been set in the cities of Ubá and Vermelho Novo at Minas Gerais State, Brazil, although the country established laws and regulations related to water resource conservation. In view of the above, the objective of this work is to evaluate the contamination of environmental samples caused by domestic (residential and commercial) and kaolin processing plant effluents discharges into the local streams.
Experimental
The study regions are located in southeastern Brazil and eastward to the Iron Quadrilateral Sector (Figure 1a ). The sampling sites selected for this study were situated in Ubá and Vermelho Novo, as shown in Figures 1b and 1c , respectively.
The industrial activities in Ubá include metal furniture, leather tanning and kaolin processing plants. In Vermelho Novo, kaolin processing is also conducted where this mineral is mined.
Samples of suspended particle and riparian vegetation were analysed in order to obtain the concentration of Al, Ca, Cd, Cr, Cu, Fe, Mg, Ni, Pb, and Zn. The concentrations of nitrite, nitrate, phosphate and chloride were also evaluated in the stream water samples. In addition, aggregate organic constituents, i.e., the chemical oxygen demand (COD) and biochemical oxygen demand (BOD) were determined in the collected water samples. The temperature of the watercourses was also determined. The data obtained were compared with the levels established by the Brazilian Environmental Standards. 5 The Brazilian Environmental Standards establishes that fresh water resources are assorted according to the preponderant uses in four classes. 5 The stream water samples analysed in this study belong to Class 2. This group includes water for public supply after conventional treatment, recreation, irrigation or protection of aquatic biota.
Stream water samples were collected at about 10 cm below the surface in plastic bottles, previously rinsed with deionised water and further with surface water before filling. For nitrite and nitrate determinations, the plastic bottles were previously soaked in diluted hydrochloric acid and then rinsed with deionised water. For chloride determination, the plastic bottles were previously soaked in nitric acid and then rinsed with deionised water. For phosphate determination, the samples were collected in glass bottles in order to avoid adsorption on the walls of polyethylene containers. The glass bottles were previously soaked in diluted nitric acid and then rinsed with deionised water. The collected water samples were refrigerated at 4 ºC and analysed within 24 hours. This is the corrected procedure for non-preserved samples. 6 The suspended particles were obtained by filtering 500 mL of water using membrane filters of 0.45 µm pore size. The filters were previously analysed in respect to any metal contamination. When necessary, the water samples were first filtered through a No. 2 glass sinter to separate the coarse material. Filtration was performed under vacuum in a Buchner funnel. The filtration apparatus was washed with deionised water before use. The concentrations of nitrite and nitrate as well as the COD values were determined in the filtrates. The membrane filters containing the residues were air dried during 48 h and digested with 10 mL of concentrated HNO 3 /HClO 4 (1:1) mixture. The resultant solutions were diluted with deionised water to 25 mL and the concentrations of Al, Ca, Cd, Cr, Cu, Fe, Mg, Ni, Pb, and Zn were then determined. 7 Grasses (Brachiaria arrecta and Panicum rivulare) were collected from the streambanks, stored in acid-washed plastic bags, transported to the laboratory at 5 ºC and washed with deionised water before metal analysis. The leaves were homogenised by cutting them into very small pieces with stainless-steel scissors, dried at 70 ºC for 48 h, ground in a blender and 5 g portions digested at 150 ºC with 10 mL of concentrated HNO 3 to near dryness. The samples were further digested at 150 ºC with 10 mL of concentrated HNO 3 and 5 mL of 30% (m/v) H 2 O 2 , and the mixtures evaporated to near dryness. The latter procedure was repeated four times and the resultant solutions diluted with deionised water to 25 mL. The concentrations of Al, Cd, Cr, Cu, Fe, Ni, Pb, and Zn were then measured in the solutions. 8 The COD was determined in the water samples obtained by filtration through membrane filter using flasks with pre-measured reagents available commercially, following instructions described elsewhere. 6, 9 The sample was digested in a thermo-reactor for two hours at 148 ºC with a mixture of K 2 Cr 2 O 7 /H 2 SO 4 . After cooling to room temperature, the COD was measured at 540 nm using a light path of 1 cm.
The BOD 5 determination was conducted in the water samples following the procedure described by Greenberg et al. 6 The test is based on the difference between the concentration of dissolved oxygen before and after incubating the samples at 20 ºC for 5 days. The pH values of the samples were corrected to between 6.5 and 7.5 with H 2 SO 4 or NaOH, when necessary.
The assessment of the dissolved oxygen concentration in the samples to the determination of BOD was carried out using the iodometry method, modified by the addition of sodium azide. For this purpose, 2 mL of 0.12 mol L -1 MnSO 4 solution and 2 mL of an alkaline solution of sodium azide iodade were added to the incubation flask. After the precipitation of manganese hydroxide, the flasks were left to rest for 10 min, and then 2 mL of concentrated H 2 SO 4 were added with vigorous agitation. A 100 mL aliquot of the resultant solution was titrated with 0.0125 mol L -1 Na 2 SO 3 solution using a starch solution 0.5% (m/v) as indicator.
The nitrite concentration was determined by constructing a spectrophotometric calibration curve using the procedure of Greenberg et al. 6 For this purpose, a volume of 4 mL of the colour reagent was added to 95 mL of the water sample obtained by the water filtration through membrane filter. The reagent solution was obtained through the formation of a reddish purple azo dye produced at pH 2.0 by coupling diazoted sulfanilamide with N-(1-naphthyl)-ethilenediamine dihydrochloride. The absorbance was measured at 543 nm using a light path of 1 cm and 10 min after adding the colour reagent to the sample. The nitrate concentration was determined by adding 1 mL of 1 mol L -1 HCl solution to 95 mL of the water sample obtained by the water filtration through membrane filter. The absorbance of the solution obtained was measured at 220 nm using a light path of 1 cm. The interference of NO 2 -ions and Cr (VI) was evaluated in this spectrophotometric method. 6 The phosphate concentration in the water samples was determined by the ascorbic acid method. The sample was digested at 150ºC with 10 mL of concentrated HNO 3 /HClO 4 (1:1) mixture. The colour reagent for phosphate determination as well as 2 mL of ascorbic acid solution (2%, m/v) was then added. The absorbance was measured at 725 nm using a light path of 1 cm. 10 The chloride concentration of the water samples was determined by argentometric titration. The pH values of the samples were adjusted to the range of 6.5 to 9.0 with solutions of H 2 SO 4 or NaOH as required. Turbid samples were first filtered through a membrane filter of 0.45 µm pore size. 6 Samples from a clean spring (the Rochedo Site) in Araponga, close to the study area were investigated to obtain regional background levels. As examples of industrialised regions, also in the Minas Gerais State, samples from the Passagem Stream at Ouro Branco and from the Ventura Luís River at Conselheiro Lafaiete were also examined. These samples were analysed as described for the samples from Ubá and Vermelho Novo.
The concentrations of the aforementioned metals were measured with a Varian atomic absorption spectrophotometer (model SpectrAA 200), by direct aspiration of the solutions into an air-acetylene or nitrous oxideacetylene flame. Background correction was used for Fe, Mn, Pb, Zn, Cd, Ni, Ca, and Mg determinations. The calibration blank was checked at the beginning and at the end of the analysis for each group of samples to certify that the instrument calibration had not drifted. The water samples were previously filtered in a FABBE PRIMAR vacuum pump, model 341. The nitrite, nitrate and phosphate concentrations were determined in an UVVisible HITACHI spectrophotometer, model U-2000. A MERCK photometer, model photometer sq 200, was used to obtain the COD values. A WTW BOD incubator, model TS603/3, was used. To the pH measurement a TECNOW pHmeter, model IRIS 7, was used. The temperature of the water samples was measured at sampling sites with a portable apparatus (QUIMIS, model Q-410).
Certified analytical grade reagents were used throughout. Nitric acid (65% m/v), HF 40% (m/v) and HClO 4 (70% m/v) were used for digestion, with maximum heavy metal contents reported by the supplier being (in µg mL -1 ): Cd<0.01, Pb<0.02 and Ni<0.02. Blanks were run through all experiments to detect any contamination.
Results and Discussion

Suspended particle
Analysis of suspended particle provides data on the metal content and transport along watercourses, indicating that metal contamination can be found far from the emission sources. 11 Reports on the Acari-São João de Meriti River System in th Rio de Janeiro State, Brazil, have shown that the transport of heavy metals occurs via the particulate phase where mobile forms of metals prevail. 12 A large fraction of Fe, Zn and Cd was transported with the suspended particles in the Ubá Stream in Brazil, which runs near the vicinity of an electroplating industry. 13 The transport and availability of heavy metals in the Paraíba do Sul-Guandú River System in the Rio de Janeiro State, Brazil, have been studied. The authors found that the organic matter is the main vehicle in the transport of metals in the examined aquatic system. 14 Metal concentrations in suspended particles from Ubá and Vermelho Novo are shown in Tables 1 and 2 , respectively. Kaolin processing removes contaminants, mainly iron oxides that reduce its industrial application in paper manufactory. These impurities affect the colour and whiteness of paper. 15 The oxides can be removed by reducing Fe (III) to Fe (II), using metallic zinc. In addition to Zn and Fe, Al is also commonly present in effluents from kaolin factories, since it is a constituent of this mineral. The sample collected at site 3 in Ubá showed zinc concentrations in suspended particles higher than the global average. In the same locality, all sampling 
The wastewater treatment was not adequate to avoid metal discharges into the environment. The kaolin factory in Vermelho Novo, whose production reaches 120 tons of kaolin processed a month, discharges liquid effluents containing Zn, Al and Fe into the stream that runs in its vicinities. As expected, the suspended particles collected close to the kaolin processing plant discharges had higher Zn, Al and Fe concentrations.
Chromium concentrations in suspended particles collected at sites close to leather tanning factories were as high as 4,600 mg kg -1 in the Ubá Stream, and 11,000 mg kg -1 in the Patusca Stream, both in the Minas Gerais State. 17 In the present study, Cr concentration ranged from 3.8 to 10.3 mg kg -1 in Ubá, and from 17.9 to 22.0 mg kg -1 , in Vermelho Novo.
The importance of industrial effluents as a source of Cr and other metals for aquatic systems have been reported. 18, 19 High average Cr concentration (80 mg kg -1 ) in suspended particles from the Paraiba do Sul-Guandú River System has been attributed to the influence of the industrialised part of the study area.
14 Very high Cr concentrations (from 41 to 3,400 mg kg -1 ) were also found in suspended particulate matter around the mouths of the Besós River and the pipeline of the Barcelona-Besós wastewater treatment plant in Spain. 20 The Ca concentrations in suspended particles were higher in the samples from Ubá than those from Vermelho Novo. The elevated concentrations can be attributed to a greater load of contaminants in the Ubá Stream due to untreated domestic and industrial sewage, as compared to that of Vermelho Stream. Tables 3 and 4 show the metal concentrations determined in the vegetation samples from Ubá and Vermelho Novo, respectively. Twenty percent of the samples collected in Ubá had a higher Al concentration than that of the Rochedo Spring. High concentrations of this element were also found in Vermelho Novo. Naturally, enhanced Al concentrations in flooded vegetation can be attributed to the discharge of industrial effluents. Aluminium is not a heavy metal, but it was included here due its toxicity to plant 21 and fish. 22 Cadmium concentrations in the vegetation examined in this work were below the values commonly found in this material. 23 At the same time, the concentrations of this element in all vegetation samples examined in this work were lower than those reported for samples collected close to the Piracicaba River, which runs through the industrialised region of the Vale do Aço (Steel Valley) in the Minas Gerais State. 24 The vegetation from the Rochedo Spring showed cadmium concentration also below the detection limit (0.01 mg kg -1 ). High Cr concentrations were found when compared with those typically found in vegetation, 23 i. e., from 0.2 to 1 mg kg -1 . The increase in Cr concentrations was surprising and should not be attributed to industrial effluent discharges from kaolin processing plants. The concentration of this metal in several sites was higher than that of the background level selected for comparison (the Rochedo Spring sample). The Cr concentrations observed in the study regions were, in general, close to those reported for vegetation collected in the surroundings of the Piracicaba River in the Vale do Aço. 24 The Cu concentrations in Brachiaria arrecta are below the maximum value commonly reported for vegetation, 23 i.e., 15 mg kg ), showing again that the metal contamination along the streams can reach sites located far from the emission sources. It has been reported that levels of heavy metals increased in the downstream direction, particularly in roots of water hyacinth. 25 As indicated by Tables 3 and 4 , Ni concentrations ranged from 2.4 to 14 µg g -1 in Brachiaria arrecta. The toxicity of this element in plants is likely to occur only above 10 µg g -1 value. 26 The Ni background value for the Rochedo Spring site was 2.9 µg g -1
Vegetation
. Nickel contamination was also found in the vegetables collected in a mineralised site at the Minas Gerais State, Brazil. The authors reported nickel concentration as high as 7.9 mg kg -1 . 27 The Pb concentration in the vegetation from the Rochedo Spring was below the detection limit (<0.03 mg kg -1 ). The other sites examined gave values, which are within the range found elsewhere. 26, 28, 29 The Zn concentrations found in vegetation show that effluent discharges from kaolin processing plants are contributing to the introduction of this element in the ecosystems examined. In fact, the vegetation collected upstream the industries had lower Zn concentrations than those down-stream. While a high concentration (1,560 mg kg -1 ) was reached at site 3 in Vermelho Novo, the highest value (609 mg kg -1 ) in Ubá was observed at site 4. Concentration of this element as high as 2,330 mg kg -1 in Brachiaria sp. was observed at the Ubá Stream. 13 The Zn concentrations in vegetation collected near a kaolin mine site were also higher than the control values. 16 Studies performed by Ho and Tai 30 have indicated that Zn is an essential element and its concentrations in noncontaminated plants are 100 µg g -1 . According to Alloway, 26 critical Zn concentrations in plants, i.e., levels above which toxicity effects are likely to cause a 10% depression in plant yield, range from 100 to 900 µg g -1 .
Chemical Oxygen Demand
As expected, COD values for all water samples examined were higher than those obtained for BOD (Table  5) , as the latter deals only with the oxidation of biodegradable organic matter.
The water sample collected in the Rochedo Spring showed a COD value of 2.0 mg L -1 . This is due to the presence of low concentrations of oxidable substances by K 2 Cr 2 O 7 in the waters of the Rochedo Spring. This value is lower than those of other rivers in Brazil, 31 such as the Jaguarí River (from 3 to 28 mg L -1 ) and the Jundiaí River (from 3 to 77 mg L -1 ). On the other hand, the samples from the industrialised areas analysed in this work showed COD values close to those rivers mentioned above.
The water from sampling site 3 of Ubá showed COD value higher than those from the other sites examined in this work. Site 3 is located close to the discharge point of In Vermelho Novo, there was an increase in the COD values from site 1 to 5. It might indicate the discharge of oxidable compounds up-and down-stream the emission points of industrial effluents. It was not visible significant amounts of suspended particle in the greyish waters from site 5 of this location. This site is located close to areas of corn, rice and coffee crops. Table 5 shows the BOD values found in the water samples. The sample collected at the Rochedo Spring showed a BOD value below the limit for water quality Class 2 in Brazil, 5 i.e., < 5 mg L -1
Biochemical Oxygen Demand
, indicating the absence of biodegradable organic pollutants. However, most sampling sites at Ubá showed BOD values in its waters above this value. The Jundiaí-Mirim River and the Corumbataí River in Brazil run through the industrialised regions of the São Paulo State. These rivers, selected for comparison purposes, presented high BOD values ranging from 1 to 24 and from 1 to 17 mg L -1 , respectively. 31 It is probably due to discharges containing untreated domestic wastes into its waters. In general, the polluted sites examined in this work had similar BOD values to those reported for the rivers of São Paulo.
Ubá and Vermelho Novo have, respectively, 77,159 and 8,000 inhabitants. 32 The higher BOD values found in Ubá were expected because the Ubá Stream receives a greater load of organic pollution due to untreated domestic sewage, as compared to the streams in Vermelho Novo.
Elevated BOD values (from 3.7 to 50.2 mg L -1
) have also been found in the Nile River, Egypt, where inferior water quality conditions were observed at the down-stream sampling stations. 33 Reports of the State Environmental Protection Agency on the water quality of the Arroio Pavuna River considered dramatic the situation of this river. 34 The Arroio Pavuna River carries most of the pollutants to the Jacarepaguá Lagoon, located in south Rio de Janeiro, Brazil. The Jacarepaguá Lagoon receives waste discharges from 235 factories, including metallurgical, chemical, textile, paper mills and food processing. 35 The BOD values found in this river range from 8.8 to 56 mg l -! , while the dissolved oxygen and ammonia levels suggest that the lagoon is generally anaerobic. 34 Nitrite Table 5 shows the nitrite concentrations in the water samples. In the Rochedo Spring, its concentration was below the detection limit (<5 µg N L -1 ). This result indicates the absence of biodegradable organic pollutants in the region. These pollutants can produce NO 2 -ion as an intermediary product when subjected to microbial oxidation. 36 The low concentration of nitrite, together with the reduced COD and BOD values (Table 5) indicate that the Rochedo Spring site is not affected by organic discharges.
The Piracicaba River flows through industrialised areas of the São Paulo State. It was reported nitrite concentrations ranging from 35.8 to 130 µg N L -1 in this river. 31 which are below the maximum limit established by the Brazilian Environmental Standards 5 for water quality Class 2. These low concentrations could be attributed to the fast conversion of NO 2 -to NO 3 -ions by nitrifying bacteria. 36 The nitrite concentrations in the water samples examined in this work were also below the maximum limit value established by the Brazilian Environmental Standards. However, the low concentrations cannot be attributed to the absence of pollution by organic biodegradable pollutants. The BOD values showed in Table 5 for the waters from Ubá sites were, in general, above the value established by the Brazilian Environmental Standards. 5 It means that these sites were contaminated with organic matter, which is capable of being decomposed by aerobic microorganisms. Thus, the reduced nitrite concentrations found in these sites, can be due to its relative easy conversion to nitrate ions.
Other areas of the Minas Gerais State show nitrite contamination. For example, it was reported that water samples from the Timotinho Stream, which were collected down-stream the effluent discharge point of a smelter, had higher nitrite concentration than the up-stream samples. 37 It indicates nitrite emissions at the collection period. Nitric acid is normally used to give a better finish to the steel in the scouring processing. On the other hand, experimental data on the evaluation of nitrite contamination in water reservoirs showed that its concentrations (in µg N L -1 ) ranged from 3.3 to 23 in Porto Colômbia and Itumbiara, from 6 to 16 in Marimbondo, and from 1.0 to 7.9 in Furnas. 38 Other rivers in Brazil receiving anthropogenic inputs are the Poxim River and the Grande River, where nitrite concentrations in its waters reached (in µg N L -1 ) 333 and 51.5, respectively. While the former runs near an area of elevated industrial activity in the State of Sergipe, 39 the latter seems to suffer the effects of domestic waste discharges from two cities at the State of São Paulo. 40 
Nitrate
A preliminary experiment was conducted to evaluate the influence of nitrite and Cr (VI) in the nitrate determination. It was found that concentrations above 0.1 mg L -1 did affect the result of the nitrate analysis. Since their concentrations were below this value at all sites examined, it was not necessary to perform independent analysis to correct the nitrate concentrations.
The data from nitrate concentrations are presented in Table 5 . All sites had nitrate values below the legal allowance for public health. 5 It was found in Ubá an increase in the nitrate concentration compared with that of site 1. This could be attributed to the organic matter present in domestic sewage discharges, since NO 3 -ions result from biodegradable organic matter containing nitrogen. 36 The nitrate concentrations varying from 32.0 to 49.0 µg N L -1 in the Jundiaí-Mirim River and from 2.6 to 108 µg N L -1 in the Piracicaba River, were below the maximum value established by the water quality standards for Class 2 waters. 5 It was reported that water samples collected down-stream a smelter in the Timotinho Stream presented greater nitrate concentration than the up-stream samples. 37 . This river flows through mining areas and waste deposits from charcoal processing. The relatively low nitrate concentration in the Tubarão River indicates that the region is not being contaminated with this pollutant. 41 Concentrations of NO 3 - 
) reported for water reservoirs at the Minas Gerais State varied from 5.6 to 31.4 in Porto Colômbia, from 2.9 to 37.2 in Itumbiara, from 7.0 to 27.8 in Marimbondo, and from 2.0 to 28.0 in Furnas. 38 
Total phosphate
The total phosphate concentrations obtained in the water samples are shown in Table 5 . In the Rochedo Spring, the phosphorus concentration was below the detection limit (<12 µg L -1 ). This result may be due to the absence of human activities, such as domestic sewage discharges. On the other hand, farming activities, which can affect the water of the spring examined, as many fertilisers contain the element phosphorus in their formulation, are also not developed in the region. 36 The Piracicaba River presented phosphate concentration 6 times greater than the maximum limit established by the Brazilian Environmental Standards. 5, 31 The high total phosphate concentrations in the waters of this river indicates contamination by effluents from domestic and industrial discharges, which may contain, among other substances, detergents with orthophosphate groups in their formulation. As shown in Table 5 , 60% of the water samples from Ubá presented phosphate concentrations above the maximum limit value established by Brazilian Environmental Standards. 5 The deterioration of the water quality in the Warche River (Belgium) has also been observed where tributaries, sewage and dairy effluent flow into the river, inducing significant increase of phosphate, nitrite, nitrate and ammonium concentrations. 42 
Chloride
Chlorides present in natural waters come from natural sources such as mineral dissolution and also from anthropogenic inputs. 36 In the case of the water sample collected at the Rochedo Spring, the low chloride 249 Influence of Domestic and Industrial Waste Discharges on Water Quality Vol. 16, No. 2, 2005 concentration can be attributed to natural inputs. As shown in Table 5 , all the waters examined also showed concentrations of this ion below the maximum limit established by the Brazilian Environmental Standards. 5 In Ubá, there was an increase in the chloride concentration from site 1 to 5. It might indicate the discharge of ions into the Ubá Stream from domestic sewage. A similar increase was also observed in the conductivity values at the same region. 43 In Vermelho Novo, it was observed an increase of 21.28% in chloride concentration at site 5 as compared with that of site 3, which is located near the emission point of the kaolin processing plant. This fact was not surprising since the sample collected at site 5 in the Vermelho Stream is located down-stream the city of Vermelho Novo, which receive effluents from domestic activities.
Temperature
The temperature of the water samples collected at the autumn season ranged from 26.8 ºC to 31.0 ºC in Ubá and from 28.2 ºC to 32.2 ºC in Vermelho Novo.
Conclusions
The results of this work indicate that the streams examined receive effluents from domestic and industrial activities. Environmental samples (suspended particles and vegetation) show elevated concentrations of metals such as Zn, Al, Cr, and Fe. Stream water characteristics (phosphate concentrations as well as biochemical oxygen demand) are far from the established values for superficial water with satisfactory quality. However, the concentrations of nitrite, nitrate and chloride are, in general, within the background values.
